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NOVEL LIPOLYTIC ENZYME 


TECHNICAL FIELD 

The present invention relates to novel lipolytic enzymes. More 
specifeaRy the Invention provides novel lipolytic enzymes having the properties of 
s a Bpase native to the strain Fusarium culmorum CBS 51 3.94, or has branunochernical 
properties identical or partially Identical to those of a lipase native to the strain 
Fusarium culmorum CBS 513.94. 

BACKGROUND ART 

Lipolytic enrymes find multiple industrial applications. Alkafine lipases 
io are of particular interest for use in detergent compositions. 

Alkaline lipases of microbial origin have been described, including 
Upases obtained from Fusarium. However. lipases obtained from Fusarium culmorum 
have never been disclosed. 

SUMMARY OF THE INVENTION 

15 h is an object of the piesert invention to provide novel afcaine lipolytic 

enzymes (EC 3.1 .1 .3). 

Accordingly, in its first aspect, the invention provides Bpolytic enzymes 

having irr»Tttir«*ieriik^ 

obtained from the strain Fusarium culmorum CBS 513.94. 
20 m its second aspect the invention provides a process for the 

preparation of the lipolytic erayrne. wh^ 

producing strain of Fusarium culmorum in a suitable nutrient medium, containing 
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carbon and nitrogen sources and other inorganic salts, followed by recovery of lhe 
lipolytic enzyme. 

In Its third aspect, the invention provides a process for the preparation 
of a fipotytic enzyme accorrfng to any of claims 1-6, which process comprises teolat- 
5 ing a DNA fragment encoding the lipolytic enzyme; combining the DNA fragment 
withlih ap^ pla^Wvector; frrtrochicing ' 

the ptasmid vector into an appropriate host either as an autonomously repeating 
plasmid or integrated into the chromosome; cultivating the host organism under 
conditions leading to expression of the fipotytic enzyme; and recovering of the 
10 enzyme from the culture medium. 

In further aspects, the invention provides detergent compositions, as 
weB as a detergent additives, comprising the fipotytic enzyme of the invention. 

Finally, the invention provides a biologically pure culture of the strain 
Fusarium cvtmorvm CBS 513.94. 

15 DETAILED DISCLOSURE OF THE INVENTION 

The present invention provides novel lipolytic enzymes having! the 
properties of a lipase native to the strain Fusarium culmorum CBS 513.94. 

The Microorganism 

The invention provides fipolytic enzymes derived from a strain of the 

20 fungus Fusarium culmorum. Fusarium culmorum is a known species and strains of 
Fusarium cutmorvm have been deposited and are pubfidy avaiable from depositary 
institutes, e.g. Deutsche Sammlung von Miaoorgartismen und Zeflkuituren GmbH 
(DSM). Germany, and American Type Culture Collection (ATCC). USA. 

ha preferred embocfiment the invention provides a lipolytic enzyme 

25 derived from the strain Fusarium culmorum DSM 1094, Fusarium culmorum DSM 
Fusarium culmorum 62184, Fusarium culmorum DSM 62188. Fusarium culmorum 
DSM 62191, Fusarium culmorum DSM 62223. Fusarium cutmorum ATCC 12656, 
Fusarium culmorum ATCC 15620, Fusarium cutmorum ATCC 16430.. Fusarium 
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culmorum ATCC 16551, Fusarium cufmorum ATCC 26556. Fusarium culmorvm 
ATCC 34910. Fusarium culmorum ATCC 34913, Fusarium culmorum ATCC 36017, 
Fusarium culmorum ATCC 36879, Fusarium culmorum ATCC 36881. Fusarium 
culmorum ATCC 36886, Fusarium culmorum ATCC 44417. Fusarium culmorum 

5 ATCC 46040. Fusarium culmorum ATCC 56088. Fusarium culmorum ATCC 56089, 

"Fusarium wfmdriim~ Al(X~eaZT^ ATCC 60362, -Fusarium- - - 

culmorum ATCC 62214. Fusarium culmorum ATCC 62215. or Fusarium culmorum 
ATCC 64075. or a mutant or a variant thereof. 

In Its most preferred embodiment the invention provides a ipolytfc 

10 enzyme derived from the strain Fusarium culmorum CBS 513.94, or a muant or a 
variant thereof. This strain has been deposited according to the Budapest Treaty on 
the International Recognition of the Deposit of Microorganisms for the Purposes of 
Patent Procedure at Centraatbureau Voor Schimmelcuttures (CBS). Oosterstraat 1, 
Postbus 273. NL-3740 AG Baarn, Netherlands, on 25 October 1994. 

15 tn another aspect, the invention provides a biologically pure culture of 

the strain Fusarium culmorum CBS 51334. 

Physioo-Chemical Propert ies 

m preferred embodiments, the lipolytic enzyme of the invention may be 
characterized by having one or more of the following physico-chemical properties. 
20 The enzyme has a pH optimum in the range of from about 7 to about 

pH 9, more specificaBy around pH 8, when determined at 30TC with tributyrine as 
substrate. 

The enzyme has the following N-term3nal amino acid sequence (cf. SEQ 

ID NO:1): 

25 Ala-Va^Ser-Val-Ser-Thr-Thr-A^^ 
His-6ly-Aia*Ala-Ala-Tyr-Xaa-Asn* 

The enzyme has a molecular weight of 28.4 kDa, as determined by 

mass spectrometry. 
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Immunochemical properties 

In another preferred embodiment, the fipolytic enzyme of the invention 
is characterized by having having immunochemical properties Identical or partially 
identical (Le. at least partially identical) to those of a lipase obtained from the strain 

s Fusarium culmorum CBS 513.94. 

The tfTvfii^bctic^caJTx immunological - 
cross-reaction identity tests. The identity tests can be performed by the weft-known 
Ouchtertony double immunodiffusion procedure or by tandem crossed Immuno- 
electrophoresis accor din g to /. M. Roitt, Immunology, Gower Mecfical PubRshtng 

10 (1985) or N. W. Axelsen: Handbook of lmmurK>prectpitatiorvin-Gel Techniques; 
BbckweB Scientific Publications (1983). chapters 5 and 14. The terms Immuno- 
chemical identity" (antigenic identity) and "partial irTunurrechemscal identity" (partial 
antigenic identity) are described in Axelsen, supra, chapters 5, 19 and 20, and in I. 
M. Roftt, supra. Chapter 6. 

15 Monospecific antiserum for use in immunological tests can be raised, 

e.g. in rabbits, against the purified lipase of the invention, e.g. as descrtoed in 
Chapter 41 of N. H. Axelsen, supra, or Chapter 23 of W. H. Axelsen et a/. , A Manual 
of Quantitative Immunoelectrophoresis. BlackweU Scientific Publications (1973). 

Pr eparat ion off the Lipolytic Enzyme 

20 The lipolytic enzyme of the invention may be produced by cultivation 

of a strain of Fusarium cuimomm in a suitable nutrient medium, containing carbon 
and nitrogen sources and inorganic salts, followed by recovery of the Ipase. in a 
preferred embocfiment. the lipase producing strain is the strain Fusarium culmorum 
CBS 513.94. or a mutant or a variant thereof. 

25 The lipolytic enzyme may also be obtained by rec om binan t DMA- 

technotogy by methods known in the art per se. e.g. isolating a DNA fragment 
encoding the Bpase, combining the DNA fragment with appropriate expression 
stgnal(s) in an appropriate vector, introducing the vector or parts thereof into an 
appropriate host, either as an autonomously replicating plasmid or integrated into 

30 the chromosome, cultivating the host organism under conditions leading to 
expre ss ion of the lipase, and recovering the lipase from the culture medium. 
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In preferred embodiments of the invention, the host organism is of 
bacterial origin, preferably a strain of Escherichia coli. or a strain of Bacillus, or a 
strain of Streptomyces, or of fungal origin, preferably a strain of Aspergillus, a strain 
of Neurospora, a strain of Fusarium, or a strain of Trichoderma. or a yeast ceB, 
5 preferably a strain of Saccharomyces, or a strain of Kluyveromyces, or a strain of 
" Hansenula, or a sfrain of P/c/)». - ~ 

After the cultivation, the Bpotytic enzyme may be recovered and purified 
from the culture broth by conventional methods, such as hydrophobic 
chromatography. Ion exchange chromatography or combinations thereof. 

10 Lipolytic Activity 

The Bpofytic activity may be determined using tributyrine as substrate. 
TWs method is based on the hydrolysis of trtoutyrin by the enzyme, and the alkal 
consumption is registered as a function of time. 

One Lipase Urtt (UU) is defined as the amount of enzyme which, under 
ts standard corrections (i.e. at 30XTC; pH 7.0; and tributyrine as substrate) Sberates 1 
pmol titratable butyric acid per minute. Gum Arabic is used as emulsifier. 

A folder AF 95/5 describing this analytical method in more detai is 
available upon request to Novo Nordisk A/S, Denmark, which folder is hereby 
ftctuded by reference. 

20 D ete rgen l ComposBons 

The ipolytic enzyme of the invention may typically be a component of 
a detergent composition. As such, it may be included in the detergent composition 
in the form of a non-dusting granulate, a stabilized fiquid, or a protected enzyme. 
Non-dusting granulates may be produced, e.g., as disclosed in US 4,106,991 and 

25 4,661,452 (both to Novo Industri A/S) and may optionally be coated by methods 
known in the art Examples of waxy coating materials are poly(ethy1ene oxide) 
products (polyethytenegfycol, PEG) with mean molecular weights of 1000 to 2000% 
ethoxyiated nonylphenois having from 16 to 50 ethylene oxide units; ethoxylated fatty 
alcohols in which the alcohol contains from 12 to 20 carbon atoms and in which 

30 there are 15 to 80 ethylene oxide units; fatty alcohols; fatty acids; ami mono- and 
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cfi- and triglycerides of fatty acids. Examples of film-forming coating materials suitable 
for application by fluid bed techniques are given in patent GB 1483591. Liquid 
enzyme preparations may, for instance, be stabilized by adding a potyol such as 
propylene glycol, a sugar or sugar alcohol, tactic acid or boric acid accorcfing to 
5 established methods. Other enzyme stabilizers are well known in the art Protected 
enzymes Tnay be prepared according to the method disclosed in EP 238,216. 

The detergent composition of the invention may be in any convenient 
form. e.g. as powder, granules, paste or Bqutd. A liquid detergent may be aqueous, 
typically containing up to 70% water and 0-30% organic solvent, or nonaqueous, 
to The detergent composition comprises one or more surfactants, each 

of which may be anionic, nontorac, cationic, or zwitterionic. The detergent wffl usually 
contain 0-50% of anionic surfactant such as linear alkylbenzenesulfonate (LAS), 
alpha-olefinsulfonate (AOS), afoyl sulfate (fatty alcohol sulfate) (AS), alcohol 
ethoxysuifate (AEOS or AES). secondary aOcanesulfonates (SAS), atpha-sulfo fatty 
15 acid methyl esters, akyJ- or alkenylsuccinic acid, or soap. It may also contain 0-40% 
of noniorvc surfactant such as alcohol ethoxytate (AEO or AE). carboxytated alcohol 
ethoxytates, nonytphenol ethoxytate, alkylpolyglycostde. alkyWimethytamine oxide, 
ethoxytated fatty acid monoethanotarrude. fatty acid monoethanolamide, or 
polyhydroxy aBcyl fatty acid amide (e.g. as described in WO 92/06154). 
20 The detergent composition may additionally comprise one or more 

other enzymes conventionally used in detergent compositions, such as an amylase, 
a cutinase, a protease, a ce&iase, a peroxkliase, and/or an oxidase. 

Tbe detergent may contain 1 -65% of a detergent builder or complexing 
agent such as zeolite, cfiphosphate, triphosphate, phosphonate, citrate, nrtrtotriacetic 
25 acid (NT A), ethylenecfiaminetetraacetic acid (EDTA), cfiethylenetriaminepentaac^ 
add (DTMPA). akyl- or alkenytsucdnic acid, soluble silicates or layered sicates (e.g. 
SKS-6 from Hoechst). The detergent may also be unbuilt, Le. essentially free of 
detergent bidder. 

The detergent may comprise one or more polymers. Examples are 
30 carbaxymethytoettulose (CMC), poly(vinytpyrro5done) (PVP), pdyethyteneglycol 
(PEG), poly(vinyl alcohol) (PVA). polycarboxyiates such as potyacrytates. 
maletc/acrylic acid copolymers and lauryl methacrylate/acryOc acid copolymers. 
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The detergent may contain a bleaching system which may comprise 
a H,0, source such as perborate or percarbonate which may be combined with a 
perackMorrring bleach activator such as tetraaceftytethytenecfiamine (TAED) or 
nonanoyloxybenzenesulfonate (NOBS). Alternatively, the bleaching system may 
5 comprise peroxyacids of, e.g., the amide, snide, or sulfone type. 

The enzymes of the" detergent-composition of the-invention- may be- 
stabilized using conventional stabiBzing agents, e.g. a polyol such as propylene 
glycol or glycerol, a sugar or sugar alcohol, lactic acid, boric acid,. or a boric acid 
derivative such as, e.g., an aromatic borate ester, and the composition may be 
10 formulated as described in, e.g.. WO 92/19709 and WO 92/19708. 

The detergent may also contain other conventional detergent 
ingredients such as, e.g., fabric conditioners including days, foam boosters, suds 
suppressors, anti-corrosion agents, sofl-suspencfing agents, anti-soi-redeposition 
agents, dyes, bactericides, optical brighteners, or perfume. 
15 The pH (measured in aqueous solution at use concentration) wiB 

usually be neutral or alkaline, e.g. in the range of 7*11. 

Particular forms of detergent compositions within the scope of the 
invention include: 

1) A detergent composition formulated as a granulate having a bulk density of at 
20 least 600 gfi comprising 


Linear akytbenzenesuHonate (calculated as 
add) 

7 - 12% 

Alcohol ethoxysulfate (e.g. C ttM 

ateohoL 1-2 EO) or aftyl sulfate (e.g. C„.J 

1 - 4% 

Alcohol ethoxytate (e.g. C^,, alcohol. 
7E0) 

5 - 9% 

Sodium carbonate (as Na,COJ 

14 - 20% 

Soluble sfcate (as HaJD25X)J 

2 - 6% 

Zeofte (as NaAlStOJ 

15 - 22% | 

Sodium sulfate (as Na,SOJ 

0-6% I 

I Sodium citrate/citric acid 
| (as CJU'te.CVC^.O,) 

0 - 15% j 
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Sodium perborate (as NaBO^H^O) 

11 - 18% 

TAED 

2 - 6% 

CarboxymethytceBulose 

0-2% 

Polymers (e.g. maleic/acryhc acid copolymer, 
PVP. PEG) 

0 - 3% 

Enzymes (calculated as pure enzyme 
protein) 

0.0001 -0.1% 

Minor ingrecfients (e.g. suds suppressors,, 
perfume, optical bnghtener, photobleachj 

0-5% 

2) A detergent composition formulated as a granulate having a bulk dens 

least 600 g/l comprising 


Linear alkylbenzenesulfonate (calculated as 
acid) 

6-11% 

Alcohol ethoxysutfate (e.g. C*.* 
alcohol, 1-2 EO or alkyi sulfate (e.g, C^J 

1-3% 

Alcohol ethoxylate (e.g. C^ ts alcohol. 
7EO) 

5-9% 

Socfium carbonate (as Na,CO J 

15-21% 

Soluble silicate (as Na,0,2SiOJ 

1-4% 

ZeoBte (as NaAISiOJ 

24 • 34% 

Socfium strata (as NaJSOJ 

4-10% 

Socfium citrate/cftiic acid 
(as CANa.O./Q.HA) 

0 - 15% 

Carbaxymetfrytpeltuiose 

0- 2% 

Polymers (e.g. maletc/acryfic add copolymer. 
PVP. PEG) 

1 - 6% 

Enzymes (calculated as pure enzyme 
protein) 

0.0001 - 0.1% 

Manor ingredients (e.g. suds suppressors, 
perfume) 

.0- 5% 
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3) A detergent composition formulated as a granulate having a bulk density of at 
least 600 g/l comprising 



Linear afcytbenzenesulfonate (calculated as 
acid) 

5 - 

9% 

s 

._ 

Alcohol ethoxytate (e.g. C** alcohol, 

"7 EO) 


14% 


Soap as tatty add (e.g. Ca fatty acid) 

1 

3% 


Socfium carbonate (as Na,COJ 

10 - 

17% 


Soluble sBicate (as Na^O^iOJ 

3 - 

9% 

10 

Zeolite (as NaAtSiOJ 

23 - 

33% 


Sodium sulfate (as IMa£04) 

0 - 

4% 


Socfium perborate (as NaBO^H,0) 

8 

16% 


TAED 

2 - 

8% 


Phosphonate (e.g. EDTMPA) 

0 - 

1% 

15 

Carboxymethylcellulose 

0 

2% 


Polymers (e.g. maleSc/aoyfic acid copolymer. 
PVP. PEG) 

0 - 

3% 


Enzymes (calculated as pure enzyme 
protein) 

0.0001 

- 0.1% 

20 

Minor ingredients (e.g. suds suppressors, 
perfume, optical brighlener) 

0 

5% 


4) A detergent composffion formulated as a granulate having a buBc density of at 
least GOO g/l comprising 


Linear aOcylbenzenesuifonate (calculated as 
acid) 

B 

-12% 

Alcohol ethoxytate (e.g. C+ n alcohol. 
7EO) 

10 

-25% 

Sodium carbonate (as Na,CQJ 

14 

-22% 

Soluble sfficate (as Na,O^SiOJ 

1 

- 5% 

Zeolite (as NaAlSOJ 

25 

-35% 

Sodium sulfate (as Na*SOJ 

0 

10% | 
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Carboxymethytcettulose 

0 - 2% 

Polymers (e.g. malefc/acryfic add copolymer, 
PVP. PEG) 

1 - 3% 

Enzymes (calculated as pure enzyme 
protein) 

0.0001 - 0.1% 

Minor-ingredients (e.g. ^uds-suppressors; - - 
perfume) 

-0 -5% - 

5) An aqueous liquid detergent composition comprising 

Linear aikylbenzenesutfonate (calculated as 
add) 


Alcohol ethoxytate (e.g. C M alcohol/ 
7 EO or C.^ alcohol. 5 EO) 

12 • 18% 

Soap as fatty acid (e.g. oleic acid) 

3 • 13% 

ABcenytsucdnlc add (C^J 

0 -13% 

Amtnoethanol 

8 - 18% 

Otricacid 

2 . 8% 

Phosphorate 

0 - 3% 

Polymers (e.g. PVP. PEG) 

0-3% 

Borate (as BA) 

0 - 2% 

Ethanol 

0 - 3% 

Propylene glycol 

8 - 14% 

Enzymes (calculated as pure enzyme 
protein) 

0.0001 - 0.1% 

Minor ingredients (e.g. dispersants. suds 
suppressors, perfume, optica] bnghtener) 

0 - 5% 
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6) An aqueous structured liquid detergent composition comprising 



Linear aBcyfoenzenesutfonate (calculated as 
acid) 

15 - 

21% 1 

5 

Alcohol ethoxylate (e.g. alcohol. 

o 

w 



ooap as Tany aciu (e.g. oieic acju/ 

-A — - - 

a ryot " - — . 


Zeolite (as NaAISiOJ 

14 

22% 


Potassium citrate ■ % 

9 

18% 


Borate (as B A) 

0 

2% 

10 

CarboxymethytceOulose 

0 

2% 


Polymers (e.g. PEG, PVP) 

0 

3% 


Anchoring polymers such as, e.g., lauryi 
methacrylate/acryfic acid copolymer; molar 
ratio 25:1 ; MW 3800 

0 

3% 

15 

Glycerol 

0 

5% 


Enzymes (calculated as pure enzyme protein) 

0.0001 

- 0.1% 


Manor ingredients (e.g. dispersants, suds 
suppressors, perfume, optical brighteners) 

0 

S% 


7) A detergent composition formulated as a granulate having a buflc density of at 
20 least 600 gfl compris in g 


Fatty alcohol sulfate 

5 

- 10% 

Eihoxyiated fatty add monoethandamide 

3 

- 9% 

Soap as tatty add 

0 

• 3% 

Sodium carbonate (as Na,COJ 

5 

- 10% 

Soluble sBcate (as Na,O^SiCg 

1 

- 4% 

Zeolite (as NaAISiOJ 

20 

•40% 

Sodium sulfate (as Na,S0J 

2 

- 8% 

Sodium perborate (as NaB0 r H,0) 

12 

- 18% 

TAED 

2 

- 7% 

Polymers (e.g. maleic/acryfic acid copolymer, 
PEG) 

1 

• 5% 
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Enzymes (calculated as pure enzyme 
protein) 

0.0001 - 0.1% 

Minor ingredients (e.g. optical brightener, suds 
suppressors, perfume) 

0-5% 

8)_A detergei^_conriposition_foiTnu!ated as_a_granu!ate comprising 

Linear aBcytbenzenesulfonate (calculated as 
acid) 

8 • 14% 

Ethoxytated fatty add monoethanolamide 

5 -11% 

Soap as fatty add 

0 • 3% 

Sodium carbonate (as Na,COJ 

4 -10% 

Soluble siBcate (as HajDZS&J 

1 - 4% 

ZecSte (as NaAlSiOJ 

30 -50% 

Sodium sulfate (as Na^SOJ 

3 -11% 

Sodium citrate (as C.*-y>Ia,0,) 

5 -12% 

Polymers (e.g. PVP, rnatefc/acrylic add 
copolymer. PEG) 

1 • 5% 

Enzymes (calculated as pure enzyme 
protein) 

0.0001 - 0.1% 

Minor ingredients (e.g. suds suppressors, 
perfume) 

0 -5% 

9) A detergent composition formulated as a granulate composing 

Linear alkylbenzenesuttonate (calculated as 
add) 

6 • 12% 

Noniontc surfactant 

1 - 4% 

Soap as fatty add 

2 - 6% 

Sodium carbonate (as Na,COJ 

14 -22% 

Zeotte (as NaAlSiOJ 

18 -32% 

Sodium sulfate (as Na^SOJ 

5 -20% 

Sodium citrate (as CJ-L.NajO,) 

3 - 8% 

Sodium perborate (as NaBO,.H,0) 

4-9% 
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Bleach activator (e.g. NOBS or TAEO) 

1 - 5% 

CerboxymethylceDulose 

0 - 2% 

Polymers (e.g. polycarboxytate or PEG) 

1-5% 1 

Enzymes (calculated as pure enzyme 
protein) 

0.0001 - 0.1% I 

Minor ingredients (e.g. optical brightener. 
perfume) 

0 -5% | 

10) An aqueous liquid detergent composition comprising 

Linear alkyfbenzenesutfonate (calculated as 
add) 

15 -23% 

Alcohol ethoxysuffate (e.g. C„.» 
alcohol, 2-3 EO) 

8 - 15% 

Alcohol ethoxytate (e.g. C„.„ alcohol. 7 EO. 
or C»„ alcohol. 5 EO) 

3 - 9% 

Soap as fatty acid (e.g. lauric acid) 

0 -3% 

Aminoethanol 

1 - 5% 

Sodium citrate 

5 -10% 

Hydrotrope (e.g. sodium toluensiifonate) 

2 -6% 

Borate (as B 4 0,) 

0-2% 

Carboxymetnyteellulose 

0 - 1% 

Etnanol 

1 - 3% 

Propylene gtycol 

2 - 5% 

Enzymes (calculated as pure enzyme protein) 

0.0001 - 0.1% 

Minor ingredients (e.g. polymers, cfepersants, 
perfume, optical bnghteners) 

0 - 5% 


11) An aqueous liquid detergent composition comprising 


Linear alkylbenzenesuHonate (calculated as 
add) 

20 -32% 

Alcohol ethoxytate (e.g. C^ t5 alcohol. 
7 EO. or C^,, alcohol, 5 EO) 

6 -12% 

Aminoethanol 

2-6% | 
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| Citric acid 

8 -14% 

Borate (as B«0,) 

1-3% 

Polymer (e.g. matetc/acryfic acid copolymer, 
anchoring polymer such as, e.g., lauryl 
methacryiate/acryfc add copolyrner) 

0 - 3% 

Glycerol 

-3 "8% 

Enzymes (calculated as pure enzyme 
protein) 

0.0001 - 0.1% 

Minor ingredients (e.g. hydrotropes, 
dispersants, perfume, osteal brighteners) 

0-5% 


12) A detergent composition formulated as a granulate having a bulk density of at 
least 600 g/l comprising 


15 


20 


25 


Anionic surfactant (inear aDcylberizene- 
sulfonate, aftcyl sulfate, alpha-otefinsulfonate, 
alpha-suffo fatty acid methyl esters, 
alkanesutfonates, soap) 

25 - 40% 

Nonionic surfactant (e.g. alcohol 
ethoxytate) 

1 -10% 

Sodium carbonate (as Na^COJ 

8 -25% 

Soluble sfficates (as Na,0, 2SiOJ 

5 - 15% 

Sodium sulfate (as Na^SOJ 

0 - 5% 

ZeoEte (as NaAISiOJ 

15 -28% 

Socfium perborate (as NaBO,.4H 1 0) 

0 -20% 

Bleach activator (TAED or NOBS) 

0 - 5% 

Enzymes (calculated as pure enzyme 
protein) 

0.0001 - 0.1% 

Minor ingredients (e.g. perfume, optical 
brighteners) 

0 - 3% 


13) Detergent formulations as descrtoed in 1) * 12) wherein an or part of the finear 
30 alkytbenzenesulfonate is replaced by (C„-C J aOcyl sulfate. 


NZAS-0006681 


WO 96/13579 


PC17DK9S/0O42S 


14) A detergent composition formulated as a granulate having a bulk density of at 
least 600 g/l comprising 


I (C„-C,J aBcyl sulfate 

9 

- 15% 



Alcohol ethoxytete 

3 

- 6% 


S 

Poly hydroxy alkyi fatty acid amide 

1 





Zeolite (as NaAISiOJ 

10 

-20% 



Layered disicate (e.g. SK56 from Hoechst) 

10 

-20% 



Sodium carbonate (as Na,CO,) 

3 

• 12% 



Soluble silicate (as Na,0 ( 2SiO l ) 

0 

- 6% 


10 

Sodium citrate 

4 

- 8% 



Sodium percarbonate 

13 

-22% 



TAED 

3 

- 8% 



Polymers (e.g. potycarboxytates and PVP= 

0 

- 5% 


is 

Enzymes (calculated as pure enzyme 
protein) 

0.0001 - 0.1% 


Minor ingredients {e.g. optical brightener, photo 
bleach, perfume, suds suppressors) 

0 

- 5% 



15) a detergent composition formulated as a granulate having a bulk density 


least 600 g/l comprising 




20 

(C„-CJ akyl sulfate 

4 

• 8% 



Alcohol ethoxytate 

11 

-15% 



Soap 

1 

- 4% 



ZeoGte MAP or zeofAe A 

35 

-45% 



Sodium carbonate (as Na,CO,) 

2 

• 8% 


25 

Soluble, silicate (as Na 7 Oj2SiO J ) 

0 

- 4% 



Sodium percarbonate 

13 

-22% 



TAED 

1 

- 8% 



Carboxymetnyl ceflulose 

0 

- 3% 
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Polymers (e.g. potycarboxy tales and PVP) 

0 

3% | 

Enzymes (calculated as pure enzyme 

0.0001 

" 0,1% I 

protein) 



Minor ingredients (e.g. optical bright ener, 

0 

3% I 

phosphorate, perfume) 




16) Detergent formulations as described in 1) - 15) which contain a stabilized or 
encapsulated peracid, either as an additional component or as a substitute for 
already specified bleach systems. 

17) Detergent compositions as descrfced in 1). 3), 7), 9) and 12) wherein perborate 
10 is replaced by percarbonate. 

18) Detergent compositions as described in 1), 3), 7), 9), 12), 14) and 15) which 
adcfitionafly contain a manganese catalyst The manganese catalyst may, e.g., be 
one of the compounds described in "Efficient manganese catalysts for low- 
temperature bleaching*, Nature 369 . 1994, pp. 637-639. 

15 19) Detergent composition formulated as a nonaqueous detergent f quid comprising 
a liquid nontonic surfactant such as, e.g., Bnear aikoxylated primary alcohol, a bidder 
system (e.g. phosphate), enzyme and aikaB. The detergent may also comprise 
anionic surfactant and/or a bleach system. 

The lipolytic enzyme of the invention may : be incorporated in 
20 concentrations conventionally employed in detergents. It is at present c ontemp lated 
that tn the detergent composition of the invention, the lipase may be added in an 
amount corresponding to 0.001-100 mg of lipase per Bter of wash Gquor. 
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EXAMPLES 


The invention is further Blustrated with reference to the following 
examples which are not intended to be in any way limiting to the scope of the 
invention as claimed. 

5 Example 1 
Cultivation Example 

Seed cultures of the strain Fusarium culmorum CBS 513.94 were 
produced in 500 ml shakeflasks containing 100 ml of the following composition : 

Com steep liquer (dried) 12 g/l 

10 Glucose 24 g/l 

To each flask is added 0.5 g CaCO, and 0.5 ml of oi. 
pH is adjusted to 5.5 before autodavation. 

After 3 days at 26"C and 250 rpm, 5 ml of each of the seed cultures 
were inoculated in shakeflasks containing 100ml of the following medium: 

is Pepton, DifcoOHB 6 g/l 

Pepticase. Sheffield Products 4 g/l 

Yeast extract. Difco 0127 3 g/l 

Meat extract Difco 0126 1.5 g/l 

Dextrose, Roquette 101-0441 1 g/l 

20 OWe oH, Sigma 10 g/l 

pH is adjusted to 7.3-7.4 before autodavation. 

Cultivation took place for 9 days at 26'C and Z5Q rpm. The broths were 
centrifuged and the supematants purified on a hydrophobic matrix (TSK gel Butyl- 
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ToyoPeart 650 C column, available from Tosoh Corporation, Japan), and applied for 
further studies. 

Example 2 

Characterization Example 

5 (H OpfiftJffi ~ ~ - 

The supernatant obtained according to Example 1 was subjected to 

the LU method for determining lipase activity described above, and the relation 

between pH and ipase activity of the lipolytic enzyme of the invention was 

determined at 30*C in the range of from pH 6 to pH 10. 
io The results of this characterization is presented in Rg. 1. The lipolytic 

enzyme has its pH optimum in the range of from about pH 7 to about pH 9, more 

specifically around pH 8. 

Molecular Weight Determination 

Mass spectrometry was done using matrix assisted laser de sorp tlon 

15 ionisation time-of flight (MALDI-TOF) mass spectrometry in a VG Analytical TofSpec. 
For mass spectrometry, 2 pi of sample obtained according to Example 1 were mixed 
with 2 jd saturated matrix solution (o^ano-44iydroxydnnamic acid in 0.1% 
TFAracetonitrile (70:30)), and 2 pi of the mixture spotted onto the target plate. Before 
introduction Into the mass spectrometer the solvent was removed by evaporation. 

20 The sample was desorbed and ionised by 4 ns laser pulses (337 nm) at threshold 
laser power and accelerated into the field-free flight tube by an accelerating voltage 
of 25 kV. tons ware detected by a micro channel plate set at 1850 V. The spectra 
were caJfcrated externally with proteins of known mass. 
A mass of 28.4 kOa was determined. 

25 N-termfanal Amino Acid Sequence 

Using standard methods for obtaining and sequencing peptides 
[Ftndlay & Geisow (Eds.) (1989); Protein sequencing - a practical approach; IRL 
Press), the following 25 N-terminal amino acid residues of the lipolytic enzyme have 
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been Identified, as presented by SEQ ID NO:1 (where Xaa designates an unknown 
amino acid residue): 

Ala-Val^erAtel-Ser-Thr^ 
Hfe-GV-Ala-Ala-Ala-Tyr-Xaa-Asn- 

5 Example 3 
Lipolytic Activity 

Using a monolayer equipment (KSV-5000. KSV Instruments. Finland) it has 
been demonstrated that the lipolytic enzyme from Fusarium culmorum has 
considerably Increased activity towards dicaprin in presence of long chained 

10 ateoholethaxytates. 

A mixed monolayer in a wett defined overaB composition, made of a digfyce- 
ride substrate and a rnonocomponent alcoholethoxytate (AEO: Heptaethylene glycol 
monooctadecyt ether) is spread on an aqueous subphase (10 mM Glycine. pH 10.0. 
0.1 mM EDTA. 25°C). The surface pressure is adjusted to the desired value, and a 

i s weD-defhed amount of enzyme (1 0 Lift ipase units as defined above) is injected into 
the subphase. Lipolytic action is manifested through the speed of a moWe barrier 
compressing the monolayer in order to maintain constant surface pressure as 
insoluble substrate molecules are ftydrolysed into more water soluble reaction 
products. Using this assay, lipolytic enzymes are discriminated by a parameter B 

20 indicating the final area-fraction of substrate (dicaprin) left unhydrolysed by the 
enzyme as Bpotytic activity stops. 

In this way. the lipase of the invention was compared to an Aspergi«us lipase 
conventionally used in detergents (Upolase-, avaBable from Novo Nordfek A/S. 
Denmark). The results are presented In Table 1. below. 
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Tabtel. 

Improved tolerance of Epolytic enzyme from 
Fusarium culmorum compared to Upoiase". 

B (30 mN/m) * 

5 Upolase* 
Fusarium culmorum lipase 

* Surface pressure employed 

These results show that when compared to Lrpotase", the lipolytic enzyme 
obtained from Fusarium culmorum is considerably more efficient when 
10 alcoholethoxytates are present in the substrate phase. 


57% 
25% 


Example 4 
Substrate Affinity 

A procedure has been developed aiming at a simple comparison of the abHity 
of fipolytic enzymes to accumulate on/in a substrate phase (ofive oQ) at aBcafine pH 
15 (pH 9.0) and presence of the non-tonic surfactant Dobanol 25-7 (2500 ppm) in the 
aqueous phase. 

Procedure 

1. Two identical buffer solutions (5 ml) are prepared in 20 ml scalable vtals. 
(-Sample- (s) and -Reference" (r)). 

20 2. Enzyme is added into -Sample" and 'Reference" and the Bpase con- 
centration is determined (X LU/ml). 

. 3. Olive oi is added onto the "Sample" and both lipase solutions are shakfen 
vigorously. Incubation at 4°C over night 
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4. Remaining fipase concentration in the aqueous phases is determined after 
incubation (Y. LUAnl; i=*r.s). 


Summary of incubation conditions 


Buffer 100 mM Glycine (5 ml). 

5 pH 9.0. 

Substrate Ofive o3 (5 mf). 

Temperature 4°C. 

Lipase activity 5-10 LUAnl. 

Incubation Over night (24-26 hours). 


10 Evaluation of data 

The result is calculated by comparing the activity-loss upon incubation In the 
aqueous phase in contact with ofive oil to the activfty-loss in the aqueous phase in 
absence of ofive oil: 

a « YJY f (see above) 

is The results are presented in Table 2, below. 

Table2 

Substrate AffinBy 

lipolytic Enzyme a (%) 

Upolase- 

20 Fusarium culmorum fipase 


99% 
99% 
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SEQUENCE LISTING 

(2) INFORMATION FOR SEQ ID HO: 1: 
(1) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 25 amino acids 
5 (B) TYPE: amino acid 

(C ) SntANDEDNlESS : Tingle " " 

(D) TOPOLOGY: linear 
(11) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: N-termlnal 
10 (vl) ORIGINAL SOURCE: 

(A) ORGANISM: Fusarlum culmortn 

(B) STRAIN: CBS 513.94 
(1x) FEATURE: 

(A) NAME/KEY: COS 
IS (B) LOCATION: 101.. 1433 

(xl) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

Ala Val Ser Val Ser Thr Thr Asp Phe 61y Asn Phe Lys Phe Tyr He 
1 5 10 15 

61 n His 61y Ala Ala Ala Tyr Xaa Asn 
20 20 25 
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INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 
(PCT Role Ofcu) 


o ,li»«S_J9=A£ 

on page 4 
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I Accession Number 
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Authorized officer 
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CLAIMS 

1. A lipolytic enzyme having immunochenrvcal properties identical or 

partially identical to those of a lipase obtained from the strain Fusarium cutmorum 
CBS 51 a 94. 


5 2. The lipolytic enzyme according to claim 1. which is derived from a 

strain of Fusarium culmorum. 

a The Epolytic enzyme according to either of claims 1-2. which is derived 

from the strain Fusarium culmorum CBS 513.94. or a mutant or a variant thereof; 

4. The lipolytic enzyme according to any of claims 1-3. which has a pH 
10 optimum in the range of from about 7 to about pH 9. when determined at 30°C with 

tiibutyrine as substrate. 

5. The lipolytic enzyme according to any of claims 1-4. which has the 
following N-terminal amino acid sequence: 

Ala-Va^Ser-VaKSer-Thr-Thr^p^ 
15 Hte-Giy-Ala-AlshAla-Tyr-Xaa-Asn- 

& The fipdytic enzyme according to any of claims 1-5, which has , a 

molecular weight of 28.4 kOa. 

7. A process for the preparation of a Bpolytic enzyme accorcfing to amy 

of claims 1-6. which process comprises cultivation of a lipase producing strain of 
20 Fusarium culmorum in a suitable nutrient medium, containing carbon and nitrogen 
sources and other inorganic sails, followed by recovery of the Bpolytic enzyme. 

& The process according to claim 7. 01 which the lipase producing strin 

is the strain Fusarium culmorum CBS 513.94. or a mutant or a variant thereof. 
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9. A process for the preparation of a lipolytic enzyme according to any 

of claims 1-6. which process comprises isolating a DNA fragment encoding the 
Spofytic enzyme: combining the DMA fragment with an appropriate expression signal 
in an appropriate plasmid vector; introducing the plasmid vector into an appropriate 
5 host either as an autonomously replicating plasmid or integrated into the 
" " chTbrr^mercultrralihg the hosrorganism under conditions leading-to expression - - 
of the Bpolytjc enzyme; and recovering of the enzyme from the culture medium. 

■jO. The process according to claim 9. in which the host organism is of 

bacterial origin, preferably a strain of Escherichia co/i. or a strain ct Bacillus, or a 
io strain of Stmptomyces. or of fungal origin, preferably a strain of Aspergillus, a strain 
of Neurospora. a strain of Fusarium, or a strain of Trichodetma. or a yeast ceB. 
preferably a strain of Saccharomyces. or a strain of Kluyveromyces. or a strain of 
Hansenula, or a strain of Pichia. 

11. A detergent composition comprising the lipolytie enzyme according to 
15 any of claims 1-6. 

12 . A detergent composition according to claim 11, which further 
comprises one or more other enzymes, in particular proteases, amylases. cefWases. 
oxidases, and/or peroxidases. 

13. A detergent adcfitive comprising the Bpctytic enzyme according to any 
20 of ctahns 1-6. provided in the form of a granulate, preferably a non-dusting 

granulate, a liquid, in particular a stabilized liquid, a slurry, or a protected enzyme. 

14 A btotogfcaBy pure culture of the strain Fusarium culmorum CBS 

513.94. 
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